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Abstract:  Adaptive modulation (AM) technique may make more promote in the execution of wireless communication 

systems through adaptively conformity transmitter parameters to fading channels; therefore, it has been taken as one of the 

key physical techniques in underwater acoustic communication. This paper offers a general overview of the adaptive 

modulation scheme in wireless multiple-input multiple-output (MIMO) systems with Orthogonal Frequency Division 

Multiplexing (OFDM). Study a set of properties by which adaptive modulation systems are evaluated, and also, discuss 

modulation schemes, channel modeling and estimation in detail since it is utilized in most current system or solutions, as well 

survey some MIMO models which are included in adaptive modulation activities in order to enhance the data rate and 

throughput. In this work, the channel is estimated using Kalman filter. Kalman Filter (KF) is a well-known algorithm for 

estimation and prediction especially when data has a lot of noise. The EKF is also considered to be the de-facto standard. This 

paper will provide the idea of MIMO-OFDM receiver design using Adaptive modulation and channel estimation for 

underwater acoustic communication. 
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1. Introduction 

 

      Multiple input multiple output (MIMO) technology is utilized in wireless communications in order to get 

the better link robustness or to increase the spectral efficiency (SE). The aimed from the Adaptive MIMO 

transmission will be chosen dynamically for the modulation scheme and the optimum MIMO mode for the 

purpose of optimizing the spectral efficiency when satisfying the quality of service (QoS) requirements Ref.[1]. 

Adaptive modulation (AM) systems working to an improved rate of transmission, and/or bit error rates (BERs), 

through using the channel information that is present at the transmitter. Adaptive modulation systems display 

great execution enhancements through fading channels compared to systems that do not use the knowledge of the 

channel at the transmitter. The basic idea of Adaptive Modulation (AM) is to adapt the modulation and coding 

scheme to the channel state conditions (CSCs) in order to accomplish the highest spectral efficiency at all times. 

The benefit from using the adaptive modulation (AM) in the wireless systems is to choice of higher order 

modulation, get the optimum throughput, covering for long distances, and by depending on the channel 

conditions, it is used to overcome fading and other interferences. Adaptive modulation (AM) may be used to 

provide many of the parameters which depend to the channel fading, these contain transmit power, channel code 

rate or scheme, data rate, instantaneous BER, and symbol rate Ref. [2], and Ref. [3]. 

 

       Adaptive modulation represents promising technical interests to approach the maximum channel capacity 

in single input -single output (SISO) systems Ref. [4]-[6]. The benefits from Adaptive modulation is to optimize 

the average spectral efficiency (ASE) depending to the channel state information (CSI) that will be fed back 

(F.B) from the receiver to the transmitter through adapting transmit parameters, like modulation constellation, 

transmit power, coding parameters Ref. [7]. The adaptive modulation scheme provides different data rate to 

different users depending on their channel conditions. With the minimum total transmission power and targeted 

bit error rate (BER), adaptive modulation scheme assigns the sub-carriers and bits for multi-user in the system 

based on the time-variant channel information Ref. [8]. AC is one of the adaptive techniques for facing fading 

and enhances the execution of wireless systems. It used to maximize bandwidth efficiency through chooses an 

optimal combination from the modulation and coding scheme (MCS), where the resolution is dependent on the 

channel state information (CSI), so, every MCS will be linked to a coding rate and constellation size Ref. [9]. 

Thus, Adaptive modulation (AM), is a term utilized in wireless communications to refer to the matching of the 

modulation and protocol parameters to the average channel conditions for each user (e.g. The path loss, the 

interference with signals from other transmitters, the usable transmitter power , the sensitivity of the receiver, 

etc.). Adaptive modulation (AM) enables spectrally efficient transmission through time-varying channels. The 

basic idea is to estimate the channel at the receiver side and feedback this estimate to the transmitter side, thus, 

the transmission scheme may be adapted proportional to the channel characteristics [10]. 
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2. Ofdm design and channel modeling 

 

A. Orthogonal frequency division multiplexing(OFDM) 

      On the subject of the transmission techniques for mitigating the physical limitation of wireless channels 

caused by multipath fading, dispersion, and interference, a very popular multi-carrier modulation technique 

which has emerged recently [19]-[20] in the communication field is Orthogonal Frequency Division 

Multiplexing (OFDM) technique[7]. OFDM is a multi-carrier modulation technique where data symbols 

modulate a sub-carrier which is taken from orthogonally separated sub-carriers with equal separation within each 

sub-carrier. This utilizes the bandwidth efficiently as the subcarriers are overlapping and orthogonal to each 

other. To maintain the Orthogonality, there should be a minimum separation between the sub-carriers to avoid 

ICI. In practice, discrete Fourier transforms (DFT) and inverse DFT (IDFT) processes are useful for 

implementing these orthogonal signals. Note that DFT and IDFT can be implemented efficiently by using fast 

Fourier transform (FFT) and inverse fast Fourier transform (IFFT), respectively.  

 

B.  Multiple Input Multiple Output systems (MIMO) 

 

      The proposed 2 x 2 MIMO-OFDM is shown in the figure 6.3. In this work we are designing a 2 x 2 

MIMO-OFDM which is based on Adaptive modulation, Adaptive channel coding and Channel estimation using 

Kalman filter for underwater acoustic communication. The methodology is described in detail as follows: 

 
Figure(1). Proposed 2 x 2 MIMO-OFDM system 

 

C. Adaptive Modulation: 

 

        Adapting the transmitter to the channel characteristics has been considered in different forms, including 

active time-reversal and single-mode excitation. In this work, we establish some efficient modulation schemes 

such as DPSK, QPSK and 16-QAM for Underwater Acoustic communication in order to enhance the data rate at 

the OFDM Receiver. We experimented and analyzed individual modulation schemes with OFDM for different 

channel parameters of Rayleigh channel. Initially we assumed some channel parameters and designed the 

empirical model by considering the Absorptions coefficient, Transmission loss and the channel noise. Thus we 

calculated the SNR values initially using the empirical model. Thus we did the OFDM system to switch the 

appropriate modulation scheme based on the SNR values calculated by the Channel estimation. By applying 

adaptive technique in the modulation schemes we can enhance the data rate at the MIMO-OFDM receiver. The 

figure (2) shows the proposed 2x2 MIMO-OFDM architecture. 

 

D.  Channel Estimation 

 

      Channel estimation is a scheme, in which the channel state information is retrieved by using the channel 

impulse response. Kalman filtering is an efficient technique to remove impurities in linear systems. The Kalman 

filter is a recursive predictive filter that is based on the use of state space techniques and recursive algorithms. It 

estimates the state of dynamic system effectively. In this work we used Extended Kalman filter that is used for 

nonlinear system, for the channel estimation which leads to increase the data rate by minimizing the mean square 

error.  

 

3. Methodology 
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      The performance of an adaptive system depends on the transmitter’s knowledge of the channel which is 

provided via feedback from the receiver[7]. Since sound proliferates at an extremely low speed, the structure and 

execution of a versatile framework basically depends on the capacity to anticipate the channel no less than one 

travel time ahead. This is an extremely difficult undertaking for correspondences in the scope of a few kilometers 

which forces huge restrictions on the utilization of feedback[16]. The Proposed Adaptive modulation based 

OFDM system is shown in the following figure 2. 

 
Figure(2). Proposed Adaptive modulation based OFDM system 

 

A. SNR empirical model      

UWA channel offers numerous hurdles to the UWA communication and distorts the signal in many ways, 

which is likely to be restored by channel estimation and equalization techniques[6][13]. The following are few of 

the problems being faced specifically by OFDM UWA communication: 

1) Transmission loss 

 

Transmission loss (TL) is generally occurred because of two parameters: geometric spreading loss  and 

attenuation[33]. For a signal of frequency fo over a transmission interval do, the transmission loss [in dB] can be 

obtained by  

                                                             (1) 

Where, k= spreading factor  

         is the absorption coefficient in dB/m 

            A=transmission anomaly in dB 

            fo = frequency of a signal (kHz) 

            do= transmission distance (m) 

2) Acoustic Noise 

 

     Due to the shipping activities and machinery noise, the Acoustic Noise will occur usually [1]. The 

assistance of the key noise sources can be represented by equations (2) to (5) that give PSD’s of each noise 

source with respect to frequency fo [kHz] in [dB]. 

                                                                                                                                      

(2) 

                                                                            

(3) 

                                                                           

(4)  

                                                                                                                           

(5) 

 

Where Nt, Ns, Nw and Nth represents turbulence noise, shipping noise, wind noise and thermal noise 

respectively. For a given frequency fo the total noise power spectral density is given by  

                                                                                                        

(6) 

3) Attenuation 
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Attenuation can be generally attributed to absorption[1]. The absorption coefficient can be calculated as 

                                                                                               

(7)                                                                                                                   

The SNR can be calculated using the transmission loss TL (do, fo) and the noise power spectral density N (fo) 

over an interval ‘do’ when the transmitted signal has a frequency of ‘fo’ and power ‘Po’ is given by 

                                                                                                                                    

(8)                                        

Where    indicates the receiver noise bandwidth. 

     Adapting the transmitter to the channel characteristics has been considered in different forms, including 

active time-reversal and single-mode excitation.  

 
Figure (3). Transceiver with SNR feedback 

 

     In this work, we establish some efficient modulation schemes such as DPSK, QPSK and 16-QAM for 

Underwater Acoustic communication in order to enhance the data rate at the OFDM Receiver. In this work, we 

experimented and analyzed individual modulation schemes with OFDM for different channel parameters of 

Rayleigh channel. Initially we assumed some channel parameters and designed the empirical model by 

considering the parameters like Absorption coefficient, Transmission loss and the channel noise where the 

channel noise itself consists of Thermal noise, Wind noise, Shift noise and Turbo noise. Thus we calculated the 

SNR values initially using the empirical model. Then we did the OFDM system to switch the appropriate 

modulation scheme based on the SNR values calculated by the Channel estimation. By applying adaptive 

technique in the modulation schemes we can enhance the data rate at the OFDM receiver.  

 

4. Results and discussion 

 
Figure 4. Raleigh channel parameters for adaptive modulation 
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Figure (5). Performance of BER in Rayleigh channel for DPSK, QPSK and 16-QAM 

 

Figure (6). Performance of BER in AWGN channel for 2x2 MIMO-

OFDM
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Figure (7). Performance of BER in Rayleigh channel for 2x2 MIMO-OFDM 
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 In this work, we are trying to achieve high data rate using Adaptive modulation based MIMO-OFDM 

scheme. The SNR is calculated using Empirical model as discussed in section 2. Figure 4 and 5 shows the 

Rayleigh channel parameters and BER performance using adaptive modulation which includes the modulation 

techniques DPSK, QPSK and 16-QAM respectively. The performance of BER in AWGN and Rayleigh channel 

for 2x2 MIMO-OFDM shown in figures 6 and 7 respectively. The BER is 0.0874 in the first iteration but after 8 

to 10 iterations the BER goes to zero. The channel estimation is done by using Extended Kalman filter which 

suits well for the nonlinear system. We also experimented to see the SNR performance of 2x2 MIMO-OFDM 

systems in AWGN channel. As we know the BER will be very less in AWGN channel compare to Rayleigh 

channel due to multipath propagation and the simulation results also shown.  The BER enhancement between 

with and without modulation schemes is tabulated in table 2. The Comparison of BER performance of 1 x 1 

OFDM and 2 x 2 OFDM in AWGN channel and Rayleigh channel is summarized. 

 

5. Conclusion and future scope 

       This paper provides a basic idea of the current adaptive modulation techniques and systems for wireless 

MIMO-OFDM systems. Different execution measurement criteria are discussed and several tradeoffs among 

them are remarked. In terms of modulation schemes and channel modeling, these adaptive modulation 

techniques and systems have important characteristics when applied in real conditions. Also discussed the 

proposed AM for MIMO-OFDM systems that relating to channel characteristics. The channel estimation is done 

using Extended Kalman filter. Finally, the design 2x 2 MIMO-OFDM for Underwater acoustic communication 

using Adaptive modulation and Channel estimation is described in detail. In future to improve the data rate and 

throughput along with Adaptive modulation and Adaptive coding channel estimation can be adapt.  
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